Objectives: To investigate the diagnostic accuracy of fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) compared with computed tomography (CT) scanning and added value of fused FDG-PET/CT in diagnosing vascular prosthetic graft infection. Design: Prospective cohort study with retrospective analysis. Materials: Twenty five patients with clinically suspected vascular prosthetic infection underwent CT and FDG-PET scanning. Methods: Two nuclear medicine physicians assessed the FDG-PET scans; all CT scans were assessed by two radiologists. Fused FDG-PET/CT were judged by the radiologist and the nuclear medicine physician. The concordance between CT and FDG-PET and the inter-observer agreement between the different readers were investigated.
Introduction
Prosthetic graft placement to treat abdominal aortic aneurysms and aorto-iliac occlusive disease is common practice nowadays. 1 The complication rate of this intervention is low. However, the most serious complications, prosthetic graft infection and aortoenteric fistula, are life threatening. Previously, reports showed that prosthetic graft infection could lead to life or limb loss in >50% of the patients. [1] [2] [3] [4] The incidence of vascular prosthetic graft infection varies from 0.6% to 5%. 5 The diagnosis of prosthetic infection is not easily obtained as clinical signs are variable, and include recurrent fevers and chills, back or groin pain, erythema, swelling or a pulsatile mass in the groin. 1 In addition to clinical signs, the most common methods to evaluate and diagnose graft infection are evaluation of infection parameters in the peripheral blood (erythrocyte sedimentation rate, white blood cell count and C-reactive protein (CRP)), sinography, computed tomography (CT) scanning, magnetic resonance imaging (MRI), duplex ultrasound and, ultimately, surgical exploration. However, the predictive value for vascular prosthetic infection with either one of these diagnostic tools is relatively low. 5 Recently, the use of 18 F-fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) to visualise localisation of infection in patients with suspected prosthetic graft infection has been proposed. 6, 7 FDG-PET can be used as a whole-body imaging technique giving functional characterisation of hypermetabolic tissues and is becoming of utmost importance in diagnosis, staging and therapy monitoring in clinical oncology. 8 Its value in the diagnosis of infectious diseases with elevated intracellular glucose metabolism has also been reported. 9 Dumarey et al. found a high sensitivity for fused FDG-PET and CT images in diagnosing infections of different origin. 10 The study also suggested a high negative predictive value. Other studies showed that FDG-PET imaging may also be useful in the field of patients with vascular diseases, including increased FDG uptake in vulnerable carotid plaques and expanding aortic abdominal aneurysm prone for rupture. 7 Previously, some studies 3, 11 reported on the value of FDG-PET/CT in diagnosing vascular prosthetic infection. However, the reliability of FDG-PET, CT and fused FDG-PET/CT scans are unknown so far. Especially, the reliability determines the value of these diagnostic modalities in evaluating vascular prosthesis infections.
In the present study, we aimed to investigate the diagnostic accuracy of single FDG-PET and fused FDG-PET/CT and agreement in reading between different observers in diagnosing vascular prosthetic infection in comparison with conventional CT scanning. ratio. 15 The region of interests used in SUV analysis were three dimensional and based on the mean value within the 70% isocontour boundaries using a Siemens Leonardo workstation. The TB ratio was defined as the mean FDG uptake per volume of vascular prosthesis divided by the mean uptake of the caval vein.
Patients and methods

Subjects
Based on the visual grading scale, the probability of prosthetic infection on FDG-PET scanning was classified as low or high (visual grade I or II was defined as low, visual grade III or IV was defined as high). The intensity of FDG uptake was graded on a four-point scale as follows: grade 1, FDG uptake similar to that in the background; grade 2, low FDG uptake, comparable with that by inactive muscles and fat; grade 3 moderate FDG uptake, clearly visible and higher than the uptake by inactive muscles and fat, but distinctly less than the physiologic uptake by the bladder and grade 4, strong FDG uptake, comparable with the physiologic urinary uptake by the bladder. 
End points
As per definition, all included patients had a high clinical suspicion for a prosthetic graft infection. A proven infection was defined as (1) positive staining of the prosthesis after re-exploration (irrespective of antibiotic therapy) and (2) positive staining of perigraft fluid obtained by puncture. Positive staining was defined as positive Gram staining within 14 days after surgery. Not all patients included had a proven infection, most probably due to prolonged empiric and intensive administration of antibiotics. However, also for these patients, the data of CT-and FDG-PET scanning as well as for the fused images are presented.
Statistical analysis
Continuous data were expressed as mean ± SD. The inter-observer agreement between different readers was calculated by use of weighted kappa statistics.
Kappa values of <0.4, between 0.4 and 0.75, and >0.75 were considered to represent poor, fair to good and excellent agreement, respectively, based on the Fleiss classification. 16 For the purpose of this study, sensitivity, specificity, negative and positive predictive values were determined.
Results
Patient characteristics
A total of 25 patients had a suspicion of a prosthetic graft infection and were included in the study. There were 22 males and three females with a median age of 67.2 years (58.1-74.1; 25 th -75 th percentile). Nearly all grafts were in the thoraco-abdominal-iliac tract (21 out of 25 (83%)).
Eleven (44%) patients clinically presented with fever, 16 (64%) patients with pain, three patients had fever and pain and only one patient (4%) was asymptomatic, but showed abnormalities in infection variables during standard follow-up (Table 1) . 
CT characteristics
Based on CT judgement, prosthetic graft infection was likely (high suspicion) in 16 (64%) patients and not suspected (low suspicion) in nine (36%) patients.
Perigraft fluid and perigraft air were observed in 48% versus 23% of cases, respectively. Other CT characteristics of these patients are described in Table   2 . 
FDG-PET characteristics
The FDG-PET findings are shown in Table 3 . 
FDG-PET, CT and FDG-PET/CT comparison
CT-, FDG-PET as well as fused FDG-PET/CT findings were analysed with respect to the level of concordance with cases of a proven infection. Fifteen (60%) patients had a proven infection. High likelihood of infection on FDG-PET was found in 14 of these 15 patients, that is, a sensitivity of 93%. The CT scan was judged positive in nine of these 15 patients, resulting in a mean sensitivity rate of 56% (mean; range 51-60%). Specificity of FDG-PET for the detection of prosthetic infection was 70%, and for CT, 57% (mean; range 50-63%). Positive predictive values were 82% for FDG-PET and 60% (mean; range 55-64%) for CT. Negative predictive values for FDG-PET were 88%, and for CT, 58% (mean; range 45-70%) ( Table 4) . The inter-observer agreements were calculated between both the nuclear medicine physicians and radiologists, and were found to be good with a kappa value of 0.63 between the radiologists and excellent kappa value (1.00) between the nuclear medicine physicians.
Fused PET and CT imaging
After assessing the remaining seven patients, five patients were highly suspected for infection on FDG-PET and had a proven infection; the other two were highly suspected on CT. However, the images on both FDG-PET and CT scanning separately were merged together by software fusion and scored independently again ( Table 5 shows the interval period between insertion of a vascular prosthesis and FDG-PET/CT imaging. Statistical analysis showed no association between the interval period (mean 35.4 months; range 1-105 months) and positive results on FGD-PET/CT scan. Furthermore, positive staining related to the interval period between vascular prosthesis insertion and FDG-PET/CT scan was also described.
Discussion
The primary aim of this study was to assess the value of FDG-PET scanning in the diagnostic work-up in patients suspected of vascular prosthetic graft infection. When compared with CT scanning, FDG-PET had a higher sensitivity, specificity, and positive and negative predictive values in our study. Compared with previous reports on the sensitivity and specificity rates of CT to detect vascular prosthetic infection, our CT values are relatively low. 13, 17 However, Fiorani et al. described that CT is accurate in diagnosing advanced graft infection (e.g., periprosthetic abscess and aortoenteric fistula) but not in lowgrade infection, with an overall specificity of 100% and an overall sensitivity of 55.5%. 18 The fact that many patients in our study (17/25; 68%) used intensive antibiotic therapy at the time they were admitted to the hospital may reflect a study population primarily consisting of low-grade graft infections. These findings were also observed by Tegler et al. who described lower CT sensitivity and specificity in case of low-grade infections. 19 The same limitation was seen in patients without a proven prosthetic graft infection (i.e., no positive culture).
In these 10 'negative' patients, the CT scan was judged positive in five patients and on FDG-PET, there was a high suspicion in three patients. The difficulty in this group may be partly explained by the observation that, although these patients did not have a proven infection, they still could be affected. This phenomenon might be due to the intensive antibiotic therapy already administered to these patients before performing a CT or an FDG-PET scan. As a result, stainings for micro-organisms could already be negative at the time of determination. A third aim of this study was to analyse the inter-observer agreement between the different readers of CT, FDG-PET and fused images. The inter-observer agreements between the two nuclear medicine physicians were excellent (kappa value = 1.00) and between the radiologists, moderate (kappa value = 0.63). However, after fusion of the images, the inter-observer agreement between the nuclear medicine physician and the radiologist was good (kappa value = 0.66). This implies that not only FDG-PET scans but also CT scans and 68 fused FDG-PET/CT scans are broadly applicable for evaluating prosthesis infection.
A limitation of this study is that patients with vascular prosthetic graft infection always form a very heterogeneous population with different causal microorganisms, different prosthetic materials used and different localisations of infection. Larger prospective studies are necessary for a better definition of the role of FDG-PET/CT in this specific group of patients.
In conclusion, the present study shows that FDG-PET scanning has a higher accuracy for diagnosing vascular prosthetic graft infection compared with CT.
There is a high concordance in CT and PET findings, especially after fusion of both modalities. Fused FDG-PET/CT imaging merges anatomy and metabolism, thereby offering an interesting new tool to localise the infection.
